Background
Primary Central Nervous System Lymphomas (PCNSLs) are relatively rare tumors of the central nervous system (CNS) arising extranodularly in the absence of systemic lymphoma [1] . They comprise 6% of all CNS tumors and originate from lymphocytes B. Recently, their incidence has increased in immunocompetent patients though their 
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prevalence is still higher in immunocompromised subjects (AIDS, transplantation, inherited immunodeficiency). Good but short response to steroids is characteristic with average survival period of 50 months. Biopsy is still necessary to make the final diagnosis [2] .
Juvenile xanthogranuloma (JXG) is a non-Langerhans histiocytic cell disorder which mostly affects the skin. Other involvement is rare but the CNS is a well-recognized site of an extracutaneous manifestation [3, 4] . JXG affects children, mostly in the first two years of life. The prognosis of JXG is generally good. Rare fatalities have been reported in children with CNS involvement. Poor-prognosis patients are treated with systemic chemotherapy, while resistant cases are followed by strong chemotherapy with subsequent bone marrow transplantation [5] .
Brain magnetic resonance imaging (MRI) is a method of choice in the diagnostics of neoplastic or inflammatory CNS lesions. Advanced MRI techniques, such as perfusion weighted imaging (PWI) or diffusion weighted imaging (DWI) allow for more accurate analysis of these lesions including their microcirculation and diffusivity and thus more specific identification [6] [7] [8] [9] [10] [11] [12] .
We presented a case report of a pediatric patient suffering from JXG with CNS involvement and the role of brain MRI including DWI and PWI in the evaluation of a brain focal lesion of uncertain origin.
Case Report
A 3-year-old male with severe JXG in the form of multiple cutaneous lesions and bone marrow infiltration had been hospitalized and treated since his 4 months of life. He underwent three different programs of systemic treatment and two allogenic stem cell transplantations in a 6-month interval. The second transplantation contributed to a development of an acute type of graft-versus-host disease. General symptoms such as post-steroid hypertension, iatrogenic Cushing's syndrome, mucositis and axonal polyneuropathy were additional drug-induced complications. The patient also started to suffer from myoclonic seizures spreading into the left leg and left bulbus which were interrupted after the administration of clonazepam and dexaven. The patient presented no changes in the primary multiple cutaneous manifestation of JXS. Because of the neurological symptoms and a suspicion of JXS dissemination the patient underwent emergency unenhanced CT of the head which revealed a right fronto-parietal, slightly hyperdense tumor surrounded by an extensive vasogenic edema. Shortly after head CT, MRI examinations of the head as well as of the cervical, thoracic and lumbar spine were performed. All brain MRI examinations were performed under general anesthesia with a 1.5 T MRI scanner (Signa Hdx, GE Medical Systems) using a 16-channel HNS (head-neckspine) coil. Before contrast administration a standard plain MRI examination was carried out including T1-weighted axial images, T2-weighted axial, coronal and sagittal images as well as FLAIR axial images and transverse single-shot echo-planar diffusion-weighted imaging (b value=0 and 1000 mm 2 /s, slice thickness: 5 mm, duration: 40 seconds). Subsequently, PWI with Dynamic Susceptibility Contrast Enhanced method (DSC) was performed using fast echoplanar T2-weighted gradient echo sequence (contrast medium intravenous injection: 0.2 mmol/kg of body weight, speed: 3 mL/second, duration: 1 minute and 26 seconds). Finally, a post-contrast T1-weighted 3D sequence, based on the contrast administered earlier for the perfusion examination, was performed.
The postprocessing was performed on an AW 4.4 workstation (GE Healthcare) and involved evaluation of ADC values on ADC maps and values of Cerebral Blood Volume (CBV) on CBV maps as well as the shape of perfusion signal-intensity curves. 
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Case Report Standard brain MRI showed a slightly heterogeneous mass, 3.8×4.6×3.2 cm in size, in the right fronto-parietal location. The lesion was mostly hypointense on T1-weighted images with hyperintense areas of subacute bleeding ( Figure 1A ). T2-weighted and FLAIR images revealed low signal with significant hyperintense vasogenic edema in the surrounding white matter ( Figure 1B ). The tumor showed strong homogenous contrast enhancement ( Figure 1C) . In DWI the lesion showed restricted diffusion (high signal on DWI images and low signal on ADC maps) with ADC values of 0.67×10 -3 for the whole tumor and minimal ADC value of 0.51×10 -3 (with normal ADC values of approx. 0.7-0.75×10 -3 ) (Figure 2 ). PWI study revealed low values of CBV relative to the contralateral white matter with mean rCBV values of 0.43 for the whole tumor core and 0.79 of maximal rCBV ( Figure 3A) . The signal intensity curve from the tumor core showed a characteristic shape with the return above the baseline level ( Figure 3B ).
The MRI examinations of the cervical, thoracic and lumbar spine were normal. On the basis of typical MRI, DWI/ ADC and PWI pattern the radiological diagnosis of PCNSL was suggested. Ten days later a stereotactic biopsy of the brain lesion was performed to establish the final diagnosis. Histopathological examination confirmed the diagnosis of PCNSL due to reactivation of Epstein-Barr virus (CNS-EBV-PTLD: Central Nervous System Epstein-Barr Virus Post Transplant Lymphoproliferative Disorder).
Discussion
Differential diagnosis of our patient was complicated by JXS dissemination and systemic complications after two allogenic stem cell transplantations. One of the most possible causes of CNS changes in respect of the main disease was histiocytic infiltration in the course of JXS.
CNS changes in JXG are secondary to the skin, soft tissues, lung or pancreas. They may appear as simple or multiple granulomas, originating from mesenchymal stem cells of the dura, from the intracerebral perivascular tunica vaginalis or from the wall of brain vessels themselves. Intracranial, dural-based lesions are more frequent than leptomeningeal or spinal spread. It is difficult to differentiate this kind of lesions from a meningioma, glioma, ependymoma or schwannoma only on the basis of plain MRI examination [4] . Dural infiltration and the close relation of the tumor to CSF may also suggest lymphoma or leukemia [13] . CNS lesions in the course of JXG usually demonstrate high signal on T2-weighted and low signal on T1-weighted images with contiguous dural enhancement, without edema. On the basis of this knowledge the focal intracerebral lesion found in our patient was excluded to be of histiocytic origin. It has to be stressed that there are no reports in the literature concerning the use of advanced MRI techniques in the evaluation of JXG foci.
In the majority of cases (60-80%) PCNSLs are located in deep structures: periventricularly, in the basal ganglia region or in the corpus callosum. They tend to appear 
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along ependymal surfaces. They may also be located more peripherally at the gray-white matter junction within the frontal, temporal or parietal lobes. Morphologically, the PCNSL foci are usually seen as multiple infiltrating lesions and less frequently as solitary, well circumscribed tumors. PCNSLs typically present strong homogenous enhancement after contrast injection. PCNSLs are highly cellular tumors with high nuclear/cytoplasmic ratio which results in characteristic hyperdense appearance of these lesions on unenhanced CT images and low signal on T2-weighted MR images [2] . PCNSL lesions are usually surrounded by mild edema. In immunocompromised patients the PCNSL lesions tend to be more heterogeneous with foci of bleeding, necrosis and heterogeneous enhancement [2] .
In our patient, plain MRI examination indicated a peripherally located, solitary, strongly enhancing tumor surrounded by massive vasogenic edema, with low signal on T2-weighted images and slight bleeding. The lesion was hyperdense on unenhanced CT images. PCNSL was taken into consideration but other types of malignant tumors had to be excluded, therefore it was important to extend the MRI protocol by DWI and PWI techniques. These advanced techniques give additional information about tumor structure, cellularity and microvascularization. Different brain tumors such as PCNSLs, gliomas or metastases show various patterns of perfusion and diffusion changes which enables their differentiation [6] [7] [8] .
DWI is a method that evaluates water diffusion in the extracellular space. The results of this examination are DWI images and apparent diffusion coefficient (ADC) maps. It is a relatively short (1-5 minutes) sequence which does not require contrast administration. Generally, homogenous diffusion restriction (high signal on DWI images and low signal on ADC maps) is characteristic of highly cellular tumors such as PCNSLs [9] , which was also observed in the case of our patient. On the contrary, high-grade gliomas (HGGs) or metastases show only small areas of diffusion restriction corresponding with the most cellular and thus the most malignant parts of the tumor core [9] .
PWI is an advanced MRI technique that enables measurements of cerebral hemodynamics at the capillary level. The dynamic susceptibility contrast (DSC) MRI technique is most widely used. It is based on MRI signal calculations evaluated from T2-weighted sequences, after the first contrast passage through the microcirculation [14] . On the basis of these calculations, parametric maps of Cerebral Blood Volume (CBV) and perfusion curves are created. In tumors, the CBV parameter is measured within the lesion and normalized to the CBV parameter from the normalappearing white mater of the contralateral hemisphere (rCBV) [5, 10] . According to the literature, rCBV values correlate with the density of tumor vascularization and are elevated in lesions with increased pathological neoangiogenesis and increased malignancy such as high-grade gliomas and metastases [15] . The perfusion curves after contrast passage are created from the outlined regions of interest (ROIs) and in malignant tumors such as HGGs or metastases do not reach the baseline [6] . PCNSLs present a typical perfusion pattern such as hypoperfusion and the characteristic shape of the signal intensity curves returning above the baseline level [6] which was also found in the case of our patient.
Since hypoperfusion can be explained with hypovascularization and absence of neoangiogenesis in lymphomas, the exact explanation of the signal intensity curves returning above the baseline level is difficult and not fully understood. It is probably due to gadolinium extravasation into the interstitial space and complex T1 and T2 effects which can alter the shape of the perfusion curve. The T2 effects lead to lower signal-intensity recovery while T1 effects cause higher signal-intensity recovery. In lymphomas the T1 effects, probably due to an extensive accumulation of contrast material in the interstitial space, dominate over the T2 effects and cause the characteristic overshooting from baseline [6] . However, so far, no definite explanation has been available for overshooting in lymphomas and this phenomenon is probably caused by several factors and a complex interplay between them [6] .
Furthermore, DSC-PWI in pediatric patients seems to be problematic since it requires a relatively high rate of contrast administration through small veins. Administration of contrast in a dose of 0.1-0.2 mmol/kg of body weight at a rate of 3-4 mL/s is reported to be a save procedure in children [16] . In our case we performed DSC perfusion using 0.2 mmol/kg of body weight with a speed of 3 mL/s which was well tolerated by the patient. In children under 2 years of age power injector is often not feasible. In these cases a hand injection is recommended but the image quality and reproducibility may be significantly degraded [16] .
On the basis of the evaluation of all MRI sequences including DWI and PWI, a final radiological diagnosis of PCNSL was suggested. The stereotactic biopsy revealed PCNSL due to EBV reactivation (CNS-EBV-PTLD). According to the literature, EBV is the most common cause of PCNSL in immunosuppression, reported in up to 95% of patients.
Conclusions
The analysis of standard MRI sequences was not sufficient to diagnose our patient. Broad differential diagnosis and complications after bone marrow transplantation also made final diagnosis difficult. Therefore, in our opinion, the use of advanced MRI sequences is important to differentiate brain lesions in pediatric patients as well. In our patient, the use of PWI and DWI facilitated the diagnosis of PCNSL. It is important to remember that PCNSLs show a very typical pattern of changes visualized with MRI, such as: usually strong homogenous enhancement, restricted diffusion and low perfusion.
In our opinion, advanced MRI techniques should be routinely used in the diagnostics of brain focal lesions of uncertain origin.
